Supplementary Figure 4.
XRD spectra of pristine, 1-cycle, 2-cycle, and 5-cycle CoO/CNF. Pristine CoO/CNF shows three distinguished peaks representing (111), (200), and (220) surfaces. The XRD spectra of other samples after galvanostatic cycling are featureless, indicating that the sizes of the NPs are below the coherence length of the X-ray.
Supplementary Figure 5.
Raman spectra of pristine and 2-cycle CoO/CNF 1 . The distinguished peaks before and after galvanostatic cycling are similar, indicating that the chemical composition and phase of CoO is not changed after the cycling process. In addtion, no broadening of the peaks is observed even though the particles sizes are significantly reduced. This might be related to the specific structure after the treatment of battery cycling. Different from those separated particles, the ultra-small nanoparticles are strongly connected with each other and form an integrated secondary particle (TEM images in Fig. 2 ). The grain boundary conditions of those ultra-small nanoparticles are therefore completely different from the case of separated particles. The strongly interacted boundaries may help to enhance the long distance translational periodicity, resulting in a similar Raman spectrum to the pristine one. Even though the large loading shows a lower onset potential, its activity is surpassed by the 0.5 mg/cm
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